The objective of this study is to examine the effects of thiazide diuretics, plus medium-dose losartan versus maximal-dose angiotensin II receptor blockers (ARBs) on blood pressure (BP) in Japanese patients with uncontrolled hypertension despite the use of medium-dose ARBs. Hypertensive patients in whom BP was inadequately controlled by treatment with medium-dose ARBs alone or with calcium-channel blockers were enrolled. Patients were randomly assigned to a fixed-dose combination of 50 mg per day losartan and 12.5 mg per day hydrochlorothiazide (HCTZ; n ¼ 98), or to a maximal dose of current ARBs (n ¼ 95). The reduction in office BP from baseline was significantly larger in the losartan/HCTZ group than in the maximal-dose ARB group (systolic BP À22.7±13.7 vs. À11.7±13.0 mm Hg, diastolic BP À9.6±10.9 vs. À4.5±11.0 mm Hg; Po0.01, respectively). The proportion of patients in whom the therapeutic target BP was achieved was greater in the losartan/HCTZ group than in the maximal-dose ARB group (59.2 vs. 26.3%; Po0.001). Both early-morning and evening BP were controlled more effectively over 1 year of treatment in the losartan/HCTZ group than in the maximal-dose ARB group (the mean BP difference between the groups, early-morning: 5.6 mm Hg (P ¼ 0.001), evening: 3.8 mm Hg (P ¼ 0.049)). Adverse changes in serum potassium and uric acid were observed in the losartan/HCTZ group; however, both changes were very slight, and the values were still within the normal range. The concomitant usage of losartan and HCTZ had no influence on glucose metabolism and lipid profiles. Declines in plasma N-terminal pro-brain natriuretic peptide levels and urinary albumin excretion were observed in the losartan/HCTZ group, but not in the maximal-dose ARB group. Switching from medium-dose ARBs to losartan plus HCTZ reduced both office and home BP efficiently in patients with uncontrolled hypertension.
INTRODUCTION
Although it is well established that hypertension causes organ damage and increases the risk of adverse cardiovascular and renal outcomes, 1,2 many hypertensive patients in Japan have not received the medical treatment necessary to achieve the recommended target blood pressure (BP). 3 Among various antihypertensive drugs, angiotensin II receptor blockers (ARBs) and angiotensin-converting enzyme inhibitors (ACEIs) are considered to have cardioprotective effects beyond their BP-reducing effects. 4, 5 In particular, ARBs have become widely used in Japan, because they do not produce a dry cough (unlike ACEIs) and are therefore well tolerated. However, it is often difficult to obtain sufficient BP-lowering effects with the usual dose of ARBs administered alone, because hypertensive patients with a low renin status and/or a high salt intake may not respond well to these drugs. In such cases, another strategy is required: either an increase in the dose of the current ARB or the addition of another antihypertensive drug. Concomitant use of thiazide diuretics with ARBs is recommended by various guidelines, including those published by the Japanese Society of Hypertension (JSH), 1,2 because thiazide diuretics have a complementary mechanism of action that involves the induction of renal sodium excretion. 2 However, the rate of diuretic prescription in Japan is still low because of the associated adverse metabolic effects, including hypokalemia, hyperuricemia, and the harmful influences on glucose and lipid metabolism. 6 Furthermore, it is still controversial whether a combination of rennin-angiotensin system (RAS) inhibitors and diuretics confers beneficial effects with regard to renal 7, 8 and cardiovascular outcomes. 9 However, complete blockade of the RAS through increased doses of ARBs is recommended, based on the clinical benefits observed in patients with cardiovascular disease. 10 In Japan, a single tablet containing losartan (50 mg) and hydrochlorothiazide (HCTZ, 12.5 mg; Preminent; MSD K.K., Tokyo, Japan) has been approved for clinical use. ARBs are thought to have favorable effects on glucose metabolism, 11 and to increase the levels of serum potassium via the anti-aldosterone effect. Furthermore, the ARB losartan is known to have a uricosuric effect via the inhibition of urate transporter-1. 12 Therefore, losartan plus HCTZ could be a potent therapeutic option, especially for Japanese patients with uncontrolled hypertension, because in addition to habitual high dietary salt intake, 13 the frequency of an allele related to salt sensitivity is thought to be high in the Japanese population compared with Caucasians. 14 The Kobe combination therapy of losartan plus HCTZ (losartan/ HCTZ), effect and safety trial (Kobe-CONNECT) Study was designed to compare the effectiveness and safety of losartan/HCTZ with that of the maximal dose of the currently prescribed ARBs in Japanese patients whose BPs were uncontrolled, despite treatment with a medium dose of ARBs alone or with calcium-channel blockers (CCBs).
METHODS

Study population
The study participants, aged over 30 years, were recruited from 24 participating centers in and around Kobe, Japan (see Appendix). The entry period was from September 2008 to December 2009. We enrolled consecutive hypertensive outpatients who had not achieved therapeutic target levels of office BP, as defined by the 2004 JSH guidelines (130/85 mm Hg for patients aged less than 64 years, 140/90 mm Hg for patients aged 65 years or more, and 130/80 mm Hg for patients with diabetes mellitus and/or chronic kidney disease) following treatment with moderate doses of ARBs alone or with CCBs for at least 8 weeks. Patients with severe uncontrolled hypertension (diastolic BP X110 mm Hg), secondary hypertension, white coat hypertension, hyperuricemia with a past history of gout attack, poorly controlled (glycated hemoglobin A1c X8.0%) or insulin-treated diabetes mellitus, cardiovascular events (including myocardial infarction and stroke) within the preceding 6 months, severe liver dysfunction, or renal failure (serum creatinine X2.0 mg dl À1 ) were excluded from the study. Patients treated with any type of diuretics were also excluded. All subjects provided written informed consent before enrolment. The study was approved by the Ethics Committee of Kobe University Graduate School of Medicine and registered at UMIN-CTR with identification number 000001389.
Study protocol
The Kobe-CONNECT Study was a prospective, randomized, open-label, comparative multicenter study. Eligible patients were randomly assigned to switch to a fixed-dose combination therapy with 50 mg per day losartan (changed from current ARB) plus 12. 12 weeks, CCBs could be added. The primary outcome was the change in office BP from the baseline value at 12 weeks. The secondary endpoints included the change in home BP and laboratory tests. To investigate longerterm safety and efficacy, we continued the study until 48 weeks. Clinic BPs were measured using the auscultation method using a mercury sphygmomanometer after 5 min of rest in a seated position at 0, 12 and 48 weeks. Home BPs were measured at 0, 4, 8, 12, 24, 36 and 48 weeks using an automatic digital sphygmomanometer (HEM-7051-HP, Omron Healthcare, Kyoto, Japan). The self-monitoring of morning BP was made within 1 h of waking, before the patient had taken any antihypertensive drugs. Evening BP was measured at any given time between supper and bedtime. The mean pressure was calculated as diastolic BP plus one-third of pulse pressure. Throughout the study, lipidlowering, anti-diabetic, or uricosuric drug regimens were continued without change in dose or usage.
Laboratory tests
Blood tests, including electrolytes, lipid profile, uric acid (UA), hemoglobin A1c, creatinine, N-terminal pro-brain natriuretic peptide (NT-proBNP) and highly sensitive C-reactive protein were conducted at baseline and 48 weeks. The urine albumin-to-creatinine ratio was also estimated using casual urine samples at the same time. The estimated glomerular filtration rate (eGFR) was calculated using the following formula of the Japanese Society of Nephrology: eGFR (ml min À1 per 1.73 m 2 ) ¼ 194 Â (serum creatinine) À1.094 Â age À0.287 ( Â 0.739 if female). 15 Chronic kidney disease was defined as eGFR o60 ml min À1 per 1.73 m 2 and/or the presence of proteinuria.
Study power calculation
We estimated that the decrease in office systolic BP in the losartan/HCTZ group and the maximal-dose ARB group would be 17 ± 10 and 13 ± 10 mm Hg, respectively, based on the information in a previous report. 16 Under the statistical conditions of a ¼ 0.05 and 1 Àb ¼ 0.8, a total of 200 patients (100 patients per group) were necessary to detect a significant difference between the groups.
Statistical analysis
All data are expressed as the mean±s.d., unless otherwise specified. Betweentreatment differences were investigated using an unpaired t-test or the MannWhitney test according to the data distribution, with or without normality. The w 2 -test or Fisher's exact test was used to compare categorical values between the groups. As the changes in office and home BP during the followup period were repeatedly measured and autocorrelation was assumed, the changes were evaluated using a generalized estimating equation with a first-order autocorrelation structure. 17, 18 A P-value o0.05 was the criterion for statistical significance. All analyses were performed using Stata/IC 10.1 for Windows (StataCorp LP, College Station, TX, USA).
RESULTS
Patient characteristics
A total of 200 hypertensive patients who were eligible for this study were randomly assigned to the losartan/HCTZ group (n ¼ 100) or the maximal-dose ARB group (n ¼ 100). Seven patients were lost to follow-up because of patient requests. Evaluable BP data were available at the primary endpoint for 193 patients (98 and 95 patients, respectively). Seventy-five patients in the losartan/HCTZ group and 69 patients in the maximal-dose ARB group were followed up for 48 weeks. There were no significant differences in baseline clinical characteristics between the two randomized groups (Table 1) . No difference in the distribution of pre-prescribed ARBs was observed between groups (Table 1) . At baseline, 59.2% (58/98) of the losartan/ HCTZ group and 54.7% (52/95) of the maximal-dose ARB group had been treated by combination therapy with CCBs (Table 1) .
Changes in BP after 12 weeks of treatment A within-treatment group analysis demonstrated that the seated office systolic and diastolic BP after 12 weeks of treatment were significantly reduced from baseline in both groups (losartan/HCTZ group; 153.7 ± 11.1/84.0 ± 11.1 to 131.1 ± 14.3/74.4 ± 9.3 mm Hg, respectively, Po0.01; maximal-dose ARBs; 154.6 ± 11.8/85.4 ± 11.2 to 142.9±14.1/80.9±11.9 mm Hg, respectively, Po0.01), whereas the reductions in both systolic and diastolic BP were significantly larger in the losartan/HCTZ group than in the maximal-dose ARB group (Figure 1 ). Changes in pulse and mean pressure from baseline were also larger in patients treated with losartan/HCTZ than in those treated with maximal-dose ARBs (Figure 1 ). At the 12-week visit, 58/98 (59.2%) of the patients in the losartan/HCTZ group and 25/95 (26.3%) in the maximal-dose ARB group had reached the therapeutic target BP values (Po0.001 for both). Regardless of the concomitant use of CCBs, similar reductions in BP were observed, except for the changes in diastolic BP in those taking CCBs (Figure 1 ).
Efficacy and safety of losartan/HCTZ for 48 weeks
We continued the study to evaluate the 1-year safety and efficacy of the concomitant usage of losartan and HCTZ. After the primary endpoint, despite the addition of CCBs, one patient from the losartan/HCTZ group and six patients from the maximal-dose ARB group dropped out because of inadequate BP-lowering effects. However, the addition of CCBs enabled six patients from the losartan/HCTZ group and four patients from the maximal-dose ARB group to adhere to the follow-up schedule. In contrast, three patients stopped losartan/HCTZ treatment owing to excessive hypotension. In the losartan/HCTZ group, one patient experienced photosensitivity, and two patients complained of skin rashes. One patient in the maximal-dose ARB group discontinued the treatment because of hyperkalemia. Sixteen patients in the losartan/HCTZ group and 19 patients in the maximal-dose ARB group could not be followed up after the primary endpoint, because they withdrew from the study or moved far away. Figure 2 shows the office systolic and diastolic BP at 0, 12 and 48 weeks in patients who completed the 1-year observation period. At 48 weeks, in accordance with the intensive BP lowering achieved using CCBs and the drop-out of some uncontrolled patients, the diastolic BP of the maximal-dose ARB group declined to almost the same level Losartan/HCTZ versus maximal-dose ARBs R Toh et al as that of the losartan/HCTZ group (76.9 ± 10.1 vs. 75.6 ± 9.1 mm Hg; P ¼ 0.4028). In contrast, the systolic BP was still significantly lower in the losartan/HCTZ group than in the maximal-dose ARB group (131.3 ± 11.8 vs. 140.1 ± 13.1 mm Hg; Po0.001). Thus, office systolic BP was controlled efficiently in the losartan/HCTZ group compared with the maximal-dose ARB group throughout the study ( Figure 2 ; the mean difference was 6.4 mm Hg; Po0.001). At the 48-week visit, the percentage of patients who achieved their target BP improved in the maximal-dose ARB group, but remained lower than that in the losartan/HCTZ group (33.3 vs. 57.3%; Po0.01). Home BP was also controlled more effectively in the losartan/ HCTZ group compared with the maximal-dose ARB group until the end of follow-up (Figure 3) . After controlling for autoregression, the mean systolic BP of the losartan/HCTZ group was 5.6 mm Hg lower during the early morning and 3.8 mm Hg lower in the evening than that in the maximal-dose ARB group (Figure 3 , P ¼ 0.001 and 0.049, respectively). Table 2 shows the summary of changes in laboratory parameters at the end of follow-up. Serum potassium levels decreased statistically in the losartan/HCTZ group, but not in the maximal-dose ARB group (Table 2) . Serum UA levels also increased slightly but significantly in the losartan/HCTZ group (5.6±1.6 to 5.8±1.6 mg dl À1 ; Po0.05). However, there were no significant differences in changes in UA levels between the groups (Table 2) . Despite the changes in serum potassium and UA, the values remained in the normal range, and none of the participants discontinued the losartan/HCTZ treatment as a result of hypokalemia or hyperuricemia. Exploratory analysis of the subgroups revealed that losartan/HCTZ increased UA levels only in patients with relatively low levels of UA (UA o7.0 mg dl À1 ; 5.0±1.3 to 5.4±1.5 mg dl À1 ; Po0.01, n ¼ 56), but not in those with high levels of UA at baseline (UAX 7.0 mg dl À1 ; 7.6 ± 0.7 to 7.4 ± 1.0 mg dl À1 ; P ¼ 0.3814, n ¼ 15). No significant changes were found in the hemoglobin A1c levels after 48 weeks of treatment with either losartan/HCTZ or maximal-dose ARBs (Table 2) . Neither group displayed a remarkable change in lipid profile (Table 2) .
Changes in laboratory parameters
NT-proBNP levels were reduced significantly from baseline in the losartan/HCTZ group, but not in the maximal-ARB group (Table 2) . Moreover, the urine albumin-to-creatinine ratio levels were decreased from baseline in patients treated with losartan/HCTZ compared with patients treated with maximal-dose ARBs (Table 2) . However, the eGFR also declined modestly but significantly in the losartan/HCTZ group (Table 2) . No significant changes in highly sensitive C-reactive protein levels were observed in either group (Table 2) .
DISCUSSION
A number of large clinical trials have provided evidence that RAS blockers protect against cardiovascular organ damage in addition to lowering BP. 4, 5 However, as salt intake is still higher in Japan than in western countries, 13 and salt supplementation reduce the efficacy of ARBs, 19 hypertensive patients who are resistant to treatment with the usual dose of ARBs are not treated adequately. This study, the Kobe-CONNECT Study, demonstrated that switching to a fixed-dose combination of losartan and thiazide diuretics is superior to an p=0.001 Figure 3 The time course of home BP during the study period for patients who received each treatment. Mean±s.d. W, weeks. The systolic BP differences (both morning and evening) between the groups were statistically significant during the follow-up period.
Losartan/HCTZ versus maximal-dose ARBs R Toh et al increased dose of the current ARBs for strict BP management in these cases. Our findings may reflect the fact that a relatively high proportion of hypertensive patients in Asia are salt sensitive 14 and respond to combination therapy with RAS blockers and diuretics better than Caucasians, as demonstrated in the Perindopril Protection Against Recurrent Stroke Study trial. 20 Salt sensitivity is enhanced under various conditions, including diabetes, obesity, metabolic syndrome and chronic kidney disease. [21] [22] [23] However, in the present study, multivariate analysis did not reveal a correlation between these factors and the response rate after the addition of diuretics (data not shown). As salt sensitivity has been reported to increase with age, 24 the relatively advanced age of the participants in the present study (approximately 70 years old) may have affected the results. Morning BP is also known as an independent risk factor for cardiovascular disease. Uzu et al. 25 previously reported that excess salt intake induces the impairment of nocturnal BP reduction, and that thiazide diuretics shifted the circadian rhythm of BP from the nondipper to the dipper type. The present study supports the notion that combination therapy with losartan/HCTZ is a more effective regimen for treating early-morning high BP than an increased dose of ARBs. In addition, losartan/HCTZ reduced pulse pressure more effectively than maximal-dose ARBs. Currently, pulse pressure is drawing attention not only as a surrogate marker of aortic stiffness, but also as a therapeutic target. 26 Whereas the Antihypertensive and Lipid-Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) provided a trigger for reviewing the role of thiazide diuretics in antihypertensive therapy, 27 physicians in Japan still tend to hesitate to use diuretics for fear of adverse metabolic effects. 6 The ALLHAT Study demonstrated that chlorothalidone increased the risk of new-onset diabetes and the prevalence of hypokalemia, although low doses might retain the hypotensive activity with minimal side effects. 27 In the present study, no remarkable changes in serum hemoglobin A1c levels were observed in patients treated with losartan/HCTZ, which implies that the concomitant use of losartan could neutralize the adverse effects associated with thiazide diuretics on glucose metabolism. Although the magnitude of the change was modest and within the normal range, serum potassium levels decreased significantly in the losartan/HCTZ group. Further research will be necessary to clarify whether the effect of extensive BP lowering with losartan/HCTZ may outweigh the risk of the adverse effects. An increase in the serum UA was observed in the losartan/HCTZ group, but mainly in the subgroup with relatively low UA levels at baseline. Another study has recently reported that the concomitant use of losartan with diuretics reduced serum UA levels significantly in patients whose UA levels at baseline were over 7.0 mg dl À1 . 28 On the basis of these findings, we speculate that the increase in serum UA achieved with losartan/HCTZ treatment does not represent a serious issue from a clinical perspective.
It is controversial whether the combination of RAS inhibitors and diuretics confers beneficial effects with regard to renal outcome. The Gauging Albuminuria Reduction With Lotrel in Diabetic Patients With Hypertension trial has also demonstrated that the concomitant use of ACEIs and diuretics reduces microalbuminuria. 7 However, secondary analysis of the Avoiding Cardiovascular Events Through Combination Therapy in Patients Living With Systolic Hypertension (ACCOMPLISH) trial revealed the progression of chronic kidney disease in patients treated with a combination of ACEIs/diuretics. 8 In our study, the reduction in the urine albumin-to-creatinine ratio values was significantly larger in the losartan/HCTZ group than in the maximal-ARB group. However, as the eGFR also decreased in the losartan/HCTZ group, the concomitant usage of diuretics still requires careful attention to renal function. It has also been reported that treatment with a RAS inhibitor reduced urinary albumin excretion via the attenuation of oxidative stress and inflammation, 29 but there were no changes in serum highly sensitive C-reactive protein levels in either group. It is possible, however, that pretreatment with medium-dose ARBs obscured the effect on highly sensitive C-reactive protein levels.
In our study, NT-proBNP levels at baseline were slightly above normal in both groups. Olsen et al. 30 have reported that NT-proBNP levels predict cardiovascular events in patients with hypertension. The NT-proBNP levels significantly decreased in the losartan/HCTZ group, but not in the maximal-dose ARB group. Further research will be necessary to determine whether the reduction in NT-proBNP caused by the concomitant use of ARBs and diuretics influences cardiovascular events in hypertensive patients.
It is controversial which combination, ARBs plus diuretics or ARBs plus CCBs, is more desirable for strict BP management. The ACCOMPLISH trial revealed that the effect of the ACEI/CCB combination on cardiovascular outcomes was superior to that of ACEI/HCTZ. 9 However, it should be noted that more than 50% of participants in this study did not achieve the target BP, despite receiving both ARBs and CCBs at baseline. Furthermore, intensive BP lowering using CCBs after the primary endpoint was still not enough for the maximal-dose ARB group (six patients dropped out) compared with the losartan/HCTZ group (only one patient dropped out), indicating that ARBs plus CCBs is not always sufficient for BP control in Japanese patients. There is no doubt that the strict management of hypertension is essential to prevent organ damage, and to reduce the risk of cardiovascular and renal events. 1, 2 Previous studies have suggested that antihypertensive treatment is beneficial, and a BP target of o140 mm Hg is safely achievable even in elderly patients. 31, 32 Furthermore, the 22-year follow-up of a randomized trial recently showed that older patients who were treated with diuretic-based therapy for isolated systolic hypertension survived significantly longer without a fatal cardiovascular event than placebo recipients. 33 Therefore, the concomitant use of diuretics with ARBs provides an important option in the treatment of Japanese patients with uncontrolled hypertension.
In conclusion, a switch to medium-dose losartan/HCTZ treatment reduced both office and home BP more efficiently than an increased dose of ARBs in patients with uncontrolled hypertension, despite the use of medium-dose ARBs. Severe adverse effects were not noted in either group. The present findings provide novel and direct evidence to inform the selection of antihypertensive drugs for uncontrolled hypertension.
Study limitations
One of the limitations in the present study is the absence of a washout period before switching to fixed-dose losartan/HCTZ or maximaldose ARBs. The increase in salt sensitivity induced by pretreatment with ARBs may explain the quicker onset of BP-lowering effects in the losartan/HCTZ group than in the maximal-dose ARB group, as shown in Figure 2 . Another limitation is that changes in laboratory parameters could not be studied in all participants, although the enrollment for laboratory tests was not biased.
